Introduction
Switched Reluctance Motors (SRM) are simple machines due to important advantages such as high reliability, low maintenance requirement, good performance, low cost and weight, and robust construction [1] . Rotor can reach very high speeds and there are not rotor copper losses because of not having permanent magnets and windings in the rotor. Therefore, they are commonly used in automotive, wind energy, aerospace and home applications [2, 3, 4] . SRMs use reluctance torque originated in magnetic saliency between stator and rotor poles. On the contrary, SRMs have some drawbacks such as vibration, torque ripple, and acoustic noise. Torque ripple can obtain smaller by the control [5] .
In SRM design, pole embrace is an important issue for good performance of SRM. Embrace coefficient affects the rotor and stator tooth width. Furthermore, the pole embrace changes the average torque and torque ripple [6] . Therefore, it should be properly selected in design of SRM.
There are some studies on the effect of the SRM geometry to the SRM performance in the literature. In [6] , the influence of pole embrace on SRM design is explained. By changing the stator and rotor pole embrace from 0.2 to 0.5, FEM analysis is carried out by Ansys Package Software. The pole embrace value provided the highest average torque and lowest torque ripple is selected.
In [7] , the effects of windows in stator and rotor poles of SRMs for decreasing the noise and vibration which are the most disadvantages for SRMs are investigated. An electromagnetic analysis based on FEM is realized to optimize the window for stator and rotor. It is observed that the windowed stator and rotor of SRM have quite similar influence on the vibration and acoustic noise reduction. [8] explains the skewing effects on the vibration reduction of three phase SRMs with 12/8-pole. A skewed rotor-SRM, a skewed stator-SRM, and a skewed stator and rotor-SRM are handled. The analyses are realized for different skewing angles by the FEM and tested experimentally on the four motors. The inductance and torque characteristics of the four motors are also compared with each other. The effects of magnetic circuit geometry on torque generation of 8/14 SRM is presented in [9] . The motor is analyzed by 2D FEM. It is seen that the rotor diameter and the width of the stator and rotor poles have the biggest effect on the developed torque because of the higher number of rotor poles to the stator poles. Authors in [10] study on the effects of magnetic circuit geometry on characteristics of SRMs. The static and steady state characteristics such as flux linkage, speed, current and torque of the SRM are examined for four magnetic structures which are 8/6, 16/12, 16/14, and 16/18 by FEM analysis. The static characteristics are calculated for various rotor positions and excitation currents by using FEM analysis. Dynamic characteristics are also calculated by developed software at Matlab/Simulink. According to the analyses, it is obtained that as the number of poles increases the core losses also increase.
In this study unlike conventional SRMs, IW-SRM whose rotor is out of the motor is studied. Effect of stator embrace on torque of IW-SRM is examined by FEM. The analysis of IW-SRM is realized as 3D by using Ansys Maxwell for different stator embraces. The results of magnetic flux density and output torque are obtained for these stator embraces.
In the paper, the geometry of IW-SRM is explained in Section 2. Section 3 defines the pole embrace. In Section 4, Ansys Maxwell 3D analysis results of IW-SRM are given for different stator embraces. Conclusions are explained in the last section.
In-wheel switched reluctance motor geometry
IW-SRMs have outer rotor structures and their stators are in the motor. In this study, 18/12 IW-SRM unlike conventional SRM is modelled by Ansys Maxwell 3D Software Package based on FEM. The geometry of IW-SRM is shown in Fig. 1 .
Figure 1. IW-SRM geometry
The motor design parameters are given in Tab. 1. 
where is the flux linkage, L is the inductance, is the rotating speed of the motor, I is the current.
The magnetic co-energy of the motor can be given as
The electromagnetic torque can be calculated by
The torque equation can be simplified as follows
Explanation of pole embrace
Pole embrace is defined as the ratio of pole arc to pole pitch which can be expressed as follows
where x and y are pole arc and pole pitch of the SRM, respectively. The pole embrace is shown in Fig. 2 . The selection of pole embrace is quite important for the performance of IW-SRM. Embrace coefficient of IW-SRM affects to the rotor and stator tooth widths. The change of the pole embrace also influences to the average of the torque and torque ripple. Therefore, the pole embrace should be selected to meet the motor condition regarding on the starting capability, the minimum inductance value during the misaligned condition of the diametrical poles, and while minimizing the switching frequency of phase winding [6] .
In this study, the pole embrace is changed for examining the effect to the torque of IW-SRM. Three values of pole embraces which are 0.6, 0.55, and 0.5 are used as shown in Fig. 3. 
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Results and discussions
In this section, the results for different stator pole embraces of IW-SRM motor are explained. Firstly, 3D numerical model of IW-SRM is built by using Maxwell Software Package. Then, the IW-SRM is analyzed for different stator pole embraces which are 0.6, 0.55, and 0.5. Torque results of IW-SRM are compared for these stator pole embraces in Fig. 4 . 5 shows that the highest value of the magnetic flux density B is for the lowest stator pole embrace 0.5. As the value of the stator pole embrace rises, B decreases.
Conclusions
In this study, the effect of stator pole embraces on the torque of the IW-SRM is examined by using Ansys Maxwell Software. IW-SRM is firstly modeled as 3D and the magnetic flux density distribution and the torque of IW-SRM are also successfully calculated and analyzed. The results show that the torque strongly depends on the stator pole embrace. The highest torque is obtained with the lowest stator pole embrace 0.5, while the lowest torque is obtained with the highest stator pole embrace 0.6. The increasing of stator pole embrace means less torque ripple and width variation of torque profile. According to the simulation results, the stator pole embrace must be selected as 0.5 to obtain high output torque. The magnetic flux density for the analysis used higher stator pole embrace is also lower. As seen in the results, as the stator pole embrace decreases, the output torque and the magnetic flux density of IW-SRM increase. Therefore, proper stator pole embrace should be selected for optimum design of IW-SRM for highest torque and magnetic flux distrubution.
